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WINTER NUTRIENT CONTENT AND DEER USE OF
GAMBEL OAK TWIGS IN NORTH CENTRAL UTAH

Rosemary L. Pendleton!, Fred ]. Wagstaff', and Bruce L. Welcli!

AsTRACT.—We examined winter nutritional quality of current-vear hud and stem tissues from burned and unburned
stands of Gambel oak (Quercus gambelii Nutt.). Nutritional analvses were hased on the amount of forage consumed by
wintering mule deer. Deer use along the Utah Valley foothills averaged 6.25-10.7 em of current-vear growth. Of the tissnes
examined, post-fire bud tissue had the highest nutrient content. with a mean of 9.51% crude protein. 0.19% phosphorus.
and 3407 in vitro digestibility. Composite values (hud + stem) for nmbumed stands were slighthy higher in emde protein
and phosphorus and lower in digestibility than those reported in previous studies. Nutrient values [rom burned stands were
significantly higher than those of imburned stands for all three measures. Tannin content of the hurmed-arca regrowth was

also higher. Overall forage value of Gambel oak to wintering mule deer is relativels Jow:
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Gambel oak (Quercus gambelii Nutt.) is a
valuable vear-ronnd sonrce of food and cover for
many wildlife species, including deer. elk, big-
horn shee p. small mannmals, and a variety ()l'
birds (Revnolds et al. 1970, Harper et al. 1985,
Tirmenstein 199S). Becanse of its abundance
and loeation, oak is an important food source for

17 browse species hased on time spent browsing
and plant weight consimed.

'\]th()ntrh nnmportant to wintering mule deer
in terms ()f forage availability and palatability.
oak ranks among the bottom in nutritional value

(Smith 1957, Bunderson et al. 1956). Nutri-
tional studies report winter oak hrowse as being

wintering mule deer, providingnp to 73% of the  low inessential nutricnts and - digestibility
available winter browse along the Wasateh  (Smith 1957, Kufeld et al. 1951, Neneely and

Front (Perrv 1950). Winter use of oak varies
with location, but it has been reported high in
some areas along the Wasateh Front, declining
in the presence of more palatable rosaceons
shrubs (Smith 1952, Julander 1955). Deer nse
in western North America ranges [rom moder-
ate to heavy thronghont the vear (Kufeld et al.
1973 and references therein). In winter prefer-
ence trials, Smith (1950) and Smith and 1ub-
bard (1954) ranked oak as 7th or higher ont of
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Schemuitz 1951, Smith and Hnbbard (1954
described oak as being well liked but of low
forage quality. Currently, little information is
available on the nutrient content of different
portions of the plant stem or on the selection of
plant parts by deer.

The effect of fire on the nntritional status of
oak browse is also of some interest to land man-
agers. Fire may provide an effective manage-
ment tool for opening the canopy of the more
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Fig. 1. Location of four vakbrush study sites in Utah

County, Utali. PG = Pleasant Grove: LB = Lindon-bumed:
LU = Lindon-unburmed: HC = Tobble Creek Canyon.

dense ouk thickets to allow greater herbaceous
arowth (Anonvimous 1966, Dills 1970, Hallisey
and Wood 1976, [Tarper et al. 1985). Deer use
of browse species has been found to increase
following fire in some (Horm 1935, Hallisey and
Wood 1976), but not all (Kufeld 1983). cases.
The nntrieat content of some oak species has
been reported  higher  following  burning
(Hallisey and Wood 1976, Meneely and
Schiemnitz 19S1),

The intent of this study was to provide a
more acenrate assessiment ol the nntrient con-
tent ol oak forage consnmed by wintering mule
deer on the Wasateh Front. Specific objectives
were H1 to determine what portion of Gambel
oak twigs was used by wintering mule deer in
Utah Vallev, (20 to determine the percent crude

protein, phospliorns, and in vitro digestibility of

inal buds and steins of Gambel oak, and (3)
mpare values obtained  from adjacent
nd nmburned stands.

\ 1

LS AND METHODS

Deer studied at locations near
Lindon, U tal nt Grove, Utah, and
in the month of 1obl Canvon (Fig. 1),
Vegetation at these foothill locations consists
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primarily of Gambel oak and sagebrush (Arte-
misia tridentata ssp. vaseyana), with scattered
patches of cliffrose (Cowania stansburiana) and
bitterbrush (Purshia tridentata). All three loca-
tions are heavily used by wintering mule deer.
In Augnst 1987 awildfire bumed ‘1])1)10\1111(&('1\
1270 acres on the sonthwest-facing slopes above
Orem and Lindon, Utah. Oak present on the
burn showed  considerable  regrowth  two
months following the fire. Two stnd\ sites were
established at t]w Lindon location, one on the
burn itsell, the other in the adjacent unburned
vegetation. Study sites were also established at
the Pleasant Grove and Hobble Creek Canyon
locations, for a total of four study sites.

Deer utilization was determined by measur-
ing the length of marked twigs before and after
browsing. In November of 1957, 679 twigs on
the Lindon bum site and 660 twigs on the adja-
cent unburned site were marked with colored
plastic tape. Twigs were selected from around
the periphervof nmlt)p]e clones to wpl esent all
directional aspects and a variety of heights
accessible to deer. Twig lengths were measnred
from the tape to the end of the terminal bud. In
March 19SS the twigs were remeasured and the
number of centimeters browsed determined for
each twig. The ratio of bud tissue and twig tissue
consmned by deer was then caleulated. The
procedure was repeated at the Pleasant Grove
and Hobble Creek sites the following vear,
where 156 twigs were marked and measured at
cach site.

Twentv-two samples for nutritional analysis
were collected at mid-winter from 12 burned
and 10 imburned oak clones at the Lindon loca-
tion. Portions of each of the burned clones were
fenced in early November to ensnre availability
of mid-winter collection material. In late jdm]-
ary 200-300 stems were removed from each
clone, packed in snow, and transported to the
laboratory. Twigs were collected from all sides
of the pe nplwn ol cach clone to eliminate pos-
sible differences due to directional aspect. At
the laboratory; stems from each elone sample
were divided into a L-cm terminal bud portion
and an adjacent 10-cin stem. The proportion of
current-vear growth sampled (11 em) was
dl)[)]()\ll]ldt(‘[\ equal to that removed by winter-
ing mule deer. Where stem lengths measured
less than 11 em. total current-vear growth was
nsed in the analvsis. Twig diameters at 1 and 5
em from the tip were also recorded.

The ensning 4 bnd and stem tissue samples
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TapLr 1. Summary of deer utilization on marked twigs of Gambel oak at four study sites in Utali County, Utah,

No. twigs No. twigs

Illkl!‘k(‘(] l7|'()\\'§()(l
Lindon-burmed 679 194
Lindon—unburned 660 365
Hobble Creck 156 112
Pleasant Grove 156 157

Mean £ standard error

were gronnd using liquid nitrogen and stored at
~80C. In \m()(]wvstllnht\ crude protein, and
phosphorus were (l( stermined for both bud and
stem pomons. These three measures were con-
sidered sufficient to determine overall nutri-
tional quality of oak as theyv are the nutrients
most commonly deficient in winter diets of
range animals (Welch et al. 19586). In vitro
dig(;stil)ilit\'\\'us assessed using Pearson’s (1970)
modification of the Tilley and Terry (1963) tech-
nique. This technique, while p()sSll)l\ overesti-
mating in vivo digestion of cell contents in
tannin- containing [()]d(T(‘ (Robbins et al. 1987,
Nastis and Malechek 1988, . remains the easiest
and most accurate of the in vitro techniques
(Nastis and Malechek T9SS) and is commonly
emploved innutritional studies of range forages.
Inoculum for the digestion trial was obtained
from a slanghter- house steer. The CO- injected
inoculnm was processed within 45 minutes of
removal from the rumen (Milchunas and Baker
1952). Studies have shown that inocula obtained
from domestic raminants  can  successfully
approximate digestibility of range forages to
deer (Palmer and Cowan 1979, Welch et al.
19S3). Phosphorus and crude protein determi-
nations were made at the Plant and Soil Analysis
Lab(naton at Bn(rlmm\()mw University. C rude
proteinwas base don I\|L‘l(]dl]] nitrogen content.
A Technicon Anto Analyzer (T (]m]((m Instru-
ment Corp., Tarrvtown, NY) was used to deter-
mine  phosphorns — content.  To  simplify
comparisons with valnes reported in the litera-
ture, composite values for the complete T1-cm
sample were calculated as follows: composite
value = [10(twig value) + bud value]/11. Bulk
samples made up of one twig from each sampled
clone were tested for tannin content. Twigs
were kept frozen at —SO C wntil use, then
ground under liquid nitrogen. Tannin content
for each bulk sample was determined at the
Plant and  Soil Analysis  Laboratory using
Hagerman's (1957) radial diffusion method.

Mean
utilization rem)”

Percent
browsed

25.6 10.7 = 044
3556 10.7 = 0.2
60.2 6.3 + 0.39
$3.9 7.7+ 0.33

Percentage data were arcsine transtormed
and analyzed nsing the General Linear Models
(GLND routine available on SAS. The model
nsed was a 2 % 2 factorial design, with bum
treatment (hiumed. unbumed) and tissue type
(bud, twig) as main elfects. Clone was used as
the error term for the bum treatment main
effect. Tissue differences were also examined
separately for burned and unbumed  areas
because of a significant burn treatment X tissue
interaction.

RESULTS

Deer use at the Lindon sites averaged 10.7
cm for both burmed and unburned clones (Table
1). Individual twig use varied widely, ranging
from 1.5 to 33 em. Although mean use at the two
Lindon sites was the same, the burmed area had
a greater proportion of small bites than the
unburned area (Fig. 2). Over 24% of the bites
were in the 1.5-5 em categony at the bumed site
as compared to 5.7% in this category at the
unbumed site. Also, a smaller percentage of
marked l\\'if_{s was browsed in the burned area
(Table 1). Mean use at the Pleasant Grove and
II()l)b]e( reek sites during the milder 1955-89
winter was somewhat lcs.x than at the Lindon
sites, averaging 7.7 and 6.3 cm, respectively
(Table 1).

Results from the nutrient analvsis of sam-
pled tissnes are given in Table 2. Main effects
from the analvsis of variance were all highly
significant. Post-burn sprouts contained more
crude protein and phosphorus and were more
digestible than unburmed samples. Bud tissuce
exceeded stem tissue in all three measures. The
interaction teym was also highly significant for
crude protein and phosphorus (p < .0001 and
p = 0021, respectively). Running se p.ndt(uuml
vses for burned and unburned areas revealed
that the difference between bud and stem
values was greatest for post-bum sprouts, creat-
ing the significant interaction term. Bud and
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Fig. 2. Distribution of sten ntilization at four cakbrush study sites in Utah County. Utah.

Taprr 20 Attained significance values from analvses of
variance for nutrient content of Gambel oak.

Crmde
protein

Source of

vartation l’lmslvlmms Digestibility

Burn treatment 0.000] 0.0002 0.0001
Tissue tyvpe 0.0001] 0.0001 0.0001
Bum < tissue 0.0001 0.0021 0.3519
Clon 0.000] 0.0228 0.0015

twig values from bumed clones differed signif-
icanthv for all three variables (Table 3). Bud and
t values from imburned clones differed only
mnitrogen content. Twigs from burned and
b lones also differed in appearance,
being more slender at 1 em (1.8

0002 and at 5 ¢m (2.1 mm
vs. 2.9 mme )0 |

l)ll:m li 1839

mmvs. 2.

Buming a
0001 on tannin con
derived from bhimed ¢

iunificant cffect (p =
e bud tissue sample
lones had a tannin con-

tent of 4.1 mg per 100 mg plant tissue compared
with 3.4 mg for unburned clones. The stem
tissue sample derived from burned clones had a
tannin content of 1.6 mg per 100 mg plant tissne
compared with 0.7 mg for unbumed clones.

DISCUSSION

Previons reports on fall-winter nutrient con-
tent of Gambel oak twigs from mature stands
range from 4.6% to 3.7% for crude protein, from
0.09% to 0.10% tor phosphorus (Smith 1957,
Kufeld ot al. 1951, Meneelv and Schemnitz
19S1), and from 26.6% to 40.2% for in vitro
digestibilitv (Knfeld et al. 1951, Meneely and
Schemmitz 1951, Similar valnes have been
obtained for other oak species (Meneely and
Schemnitz - 19S1). Composite  values  from
imburned stands in our study (Table 2) are sin-
ilar to previons results, thongh slightly higher in
crde protein and phosphorns and  slightly
lower in digestibility. The use of different twig
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. Means and standard errors for pereent dinv matter nutrient content of hud and twig s amples collected [rom

bumed dl]d unburned oak stands growing near | sindon. Utah. Letters [olowi ing means indicate significant difterences p

= 0001 between bud and twig values within burn treatment. ¢ ‘omposite vales

Crude protein

Bumed stands

Bud 9.5+ 0.36a

Twig 75=x022b

Composite 7T =023
Unburmed stands

Bud 6.5+ 0.09a

Twig 570.10b

Composite 5.5+ 0.10

lengths for nutrient analvsis did not affect the
overall resnlts swmllc(mtl\ Composite values
based on twig I(ngths of 7.7 or 6.3 ¢m (mean
deer utilization at Pleasant Grove and Hobble
Creek) diftered very little from those based on
the 1-cm sample. In the absence of foliage.
buds provide the highest source of nutrients
during late fall and winter. Values for leaves of
Gambel oak are substantially higher in summer.
but comparable to bud tissue by mid-winter
(Urness et al. 1975, Meneely and Schenmitz
19S1. Welch et al. 1983, Austin and Urness
19S5).

Burning had a significaut influence on the
nutrient content of oak forage, particularly bud
tissuc. Values obtained {from bumed stands
were relatively higher than those obtained from
lml)umod stands. Post-burn bud tissue had by
far the highest nutritional value of any tissues
examined. Increased nutrient content of for age
following fire has been reported (‘lh(,‘\\]l(‘l(‘,
althougli indications are that such an increuase is
temp()mr\'(l)]l]s 1970, Hallisey and Wood 1976,
Meneelv and Schenmnitz 1951, DeBvle et al.
1959). The evidence to date snggests that
improved phosphorns content of forage due to
fire is fairly short-lived. nsually ]astnwoul\ one
vear. \111()0011 benefits inay Jast longer, de p(*n(]—
ing on the species and season. The luvhm values
lepmt((l for bured stands in this stnd\ likely
occurred because sampling took place Jess than
one vear following the burmn.

])(’SI)It(‘ the s]whtl\ higher values for crude
protein and I)]l()spll()l‘lls reported here for
unbumed  stands and the markedly higher
values for recently burned stands, the overall
winter nutritional valie of Gambel oak remains
relatively low. Even post-burn bud tissue, which
had the highest nutrient content of any of the

LOrtwig value) + bud value /11

Phosphorus Digestibility

0.19 + 0.0068 a 34.0 + 039 a
0.13 = 0.0092 b 295+ 0.70h
0.14 = 0.0057 30.2 + 0.66
0.12 = 0.0036 a 26.2 = 1.65a
0.11 = 0.0086 a 2353+ 1.15a
0.11 = 0.0051 237+ 1.16

tissues swnpled. had a crude protein content of
less than 10%. The composite valie from
burned clones was less than S%. which ranks
below that of sagebrush. aspen. and rosaccons
shrubs (Smith 1957, Kufeld et al. 1951, DeByle
et al. 1959). Actual amounts of protein digested
may be somewhat less than predicted by the in
\1110tc(hmqnc Tamins pre scnt in sumnier oak
and other forages have been found to inerease
the fecal excretion of protein by domestic five-

stock (Robbins et al. 1987). In mule deer and
other Dbrowsers, nitr()wen excretion niay be
reduced by tanmin- l)mdmtr proteins present in
the saliva (Robbins et al 1997). Winter digest-
ibilitv of Gambel oak is also low when compared
to other lor: ages. Bunderson et al. (1956) ranked
digestibility of winter oak for age '_5t]1 out of 27
species tested. Our results are similar in digest-
ibility to that listed in the ranking. showing
s]whtl\ higher digestiblity for burned stands and
lower (]l(festll)lllt\ for unburned stands.

Deer use ol oak de pends on many factors
inclnding cover, exposure, density of oakbrush,
and av: ulllnllt\ ol other f()ld“'(’% Smith 1952
fulander 1955, Kufeld 1993, Austin and Urness
19S3). Fire alfects the stracture of vegetation
and cover as well as quantity and (lll.l]]t\ of
forage produced (Iorn 1935, Hallisey and
Wood 1976, Mcueely and Schemnitz 1951,
Kuleld 1993). Whether or not deer nse an area
more alter burming appears to depend on strue-
ture of the oak community and tvpe of vegeta-
tion present on adjuce nt arcas, as well as
intensity and size of burm. Where oak st ands
forn impenetrable thickets. or where little
understory is availuble, burning has resnlted in
increased use by deer (Horn 1935, Hallisev and
Wood 1976). 1n contrast. Kufeld (1953 found
increased nse by oelk but not deer following
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burning. Vegetation at this Colorado loeation
consisted of a mixture of matire oak stands,
sagebrush, snowberny (Symphoricarpos albus),
chokecherry (Prunus virginiana), and service-
herny Amelanchier alnifolia). Buming elimi-
nated big sagebrush plants and  decreased
production of several other important browse
species, partially as a result of abnormally dry
weather conditions.

We found no evidence for increased use on
the Lindon burned site (Table 1). The mean
nmnber of centimeters browsed at the burned
site was identical to that of adjacent imburned
stands, even though twigs (sprouts) from the
bumed stands tended to be longer. Also, a lower
percentage of marked twigs was browsed at the
burnedssite. The apparently lower use of burned
twigs by deer despite higher nutrient content
may be due to several factors. Oak stands in the
area form discrete elones rather than large
impenetmhle thickets. lmp()rtnnt Dhrowse spe-
cies such as sagebrush and bitterbrush present
on unburned areas were lost as a result of the
fire. Also, a lack of cover and increased tannin
content of forage on the burm may have had
some ettect on deer preference.

The oakbrush zone is eritical to wintering
deer populations along the Wasatch Front,
Althongh not the most preferred winter food, its
protective cover and sheer abundance make it
one of the most widely used (Smith 1949, Sinith
and [ubbard 1954, Julander 1955). Current
mnphasis in the Intermountain region is to
manage the oakbrush zone primarily for wildlife
1955). Several management  tools
have been suggested. including fire (Harper et
al 19S5, Winward 19853). Bnmmu may result in
atemporary nnpm\( ment in mltntmnal tht\
as well as opening the canopy snfficiently to
allow establishment of

(Winward

“other shirmb and ftorh
species. However, without some form of follow-
ap treatment, the proliferation of oak sprouts
may ultimately result in denser, less nseable oak
forage and reduction of anderstory species
Harper et all 1995, Stevens and Davis 1985,
Winward 1955, Morcover, the loss of fire-
susceptible browse species sueli as big sage-
brush, wountain mahogany, and hitterbrush

may have serions conse quences for wintering
Riggs et al. 1990

possible benefit.

mule deer -ontweighing any

GREAT BASIN NATURALIST

[Vohime 52

ACKNOWLEDGMENTS

Thanks are extended to Len Carpenter,
Steve Monsen, and Art Tiedemnann for sugges-
tions on research design: to Warren Clary, Philip
Uress, Robert Fergnson, and un anonyvmous
reviewer for comments on the mannscript; and
to Jolm Allen and the Pleasant Grove Ranger
District for access to the Lindon burn site.

LITERATURE CITED

ANONYMOUs 1966, Conversion of thicket covered areas to
productive grazing kands. USDA. Forest Service, Inter-
mountain Region. Range hmprovement Notes [1: 1—4.

AUSTIN. D Do, anp P ] UrNEss 1955, Values of four
communities for mule deer on ranges with limited
summer habitat. Journal of Range Management 35:
167-171.

BuxpERSON E. D B. L WELCH. AND D). WEBER. 1956.
In vitro digestibility of Juniperus osteosperma (Torr.)
Little from 17 Utah sites. Forest Science 32: $34-540.

DEByrLe, NO VL P Lo URNEss. axD Do Lo Brask 1959
Forage quality in bumed and unbumed aspen commu-
nities. USDA, Forest Senvice, Intermountain Research
Station, Ogden, Utali. Research Paper INT-404.5 pp.

DiLes. G. G 1970, Effects of prescribed buming on deer
browse. Journal of Wildlife NManagement 3-4: 540-545.

HAGERMAN. A E. 1987, Radial diftusion miethod for deter-
mining tannin in plant extracts. Jonrmal ot Chemical
Ecology 13: 437449,

HALLESEY. Do M. anD G W Woob 1976, Preseribed fire
in scrub oak habitat in central Pennsyhvania. Journal of
Wildlife Management 40: 507-516.

[IARPER K. T F. [ WaAGSTAFF AND L. MU KUNZLER 1955
Biology and management of the Gambel oak vegetative
tpe: aliterature review. USDA | Forest Service, Inter-
monntain Forest and  Range  Experiment Station.
Ogden. Utaly, General Technical Report INT-179.31 pp.

Hory. E. E. 193S. Some wildlife-forest relationships.
Transactions of the North American Wildlife Confer-
ence 3: 376350,

Juranprer. O. 1955, Deer and cattle relations in Utah.
Forest Science T: 130-139.

KureLp, RoC. 1983, Responses of elk. mule deer. cattle and
vegetation to buming, spraving. and  chaining of
Gambel ouk rangeland. Colorado Division of Wildlife.
Fort Collins, Technical Publication 34. 47 pp.

Kureep. ROC, M. STEVENS. axD D, Co Bowpex 1951
Winter variation in nmtrient and {iber content and in
vitro digestibility of Gambel ok (Quercus gambelii)
and big sagebmish (\itemisia tridentata) from diversi-
tied sites in Colorado. Jonrmal of Range Muanagement
34149151,

KUFELD, R C. DD WaLeno, axp C. FEpDEMA 1973,
Food ol the Rocky Mountain mule deer. USDAL Forest
Service, Rocky Mountain Forest and Range Experi-
ment Station. Fort Collins, Colorado, Research Paper
RAETIL 31 pp.

MENEELY. S CooanD S. DL Scaeynitz 1951, Chemical
composition and in vitro digestibility of deer browse
three vears afterawildfive, Sont]x\\‘mtt'rn Naturalist 26:
365-374.



1992]

Mircruxas, D Goasp Do Lo Baker 19520 Invitro diges-
tion—sources of within- and between-trials variability.
Journal of Range Management 35: 199-203.

NASTIS. A S.. D J. €. MALECHER 19SS, Estimating
digestibility of oak hrowse diets for goats by in vitro
techniques. Journal of Range Management 41: 255
258.

PAaLMER, W, L., aND R L. Conwax 1979, Comparison of

deer and sheep digestive capacities. Journal of Wildlife
.\lunagement 43: T95-501.

PEARSON. H. 1970. Digestibility trials: i vitro tech-
niques. l’amx%a -92 in 11 A Paulsen, 1. U Reid. and
K. W Parder. eds.. Range and wildlife habitat evalua-
tion—a research symposimmn. USDA, Forest Service
Miscellaneous Publication 1147

PERRY. WO ML 1950, Oukbrosh management plan and envi-
ronmental assessment report for Pleasant Grove
Ranger District, Uinta National Forest. S pp. [ Mimeo-
graphed.]

ReyNoLDS. H. G.OW P CLaRy. axD P F. FFOLLIOTT. 1970,
Gambel oak for southwestern wildlife. Jonmal of For-
estry 65: 545-547.

RicGs. ROALP [ URNESS, axD Ko AL GoNzarrz, 1990,
Effects of domestic goats on deer wintering in Utah
oakbrush. Journal of Range Management 43: 229-234,

Roprins, C. T, S. More. A, E. HAGERMAN. AND T. AL
HANLEY 1957, Role of tannins in defending plants
against mminants: reduction in dry matter digestion?
Ecology 65: 1606-1615.

SaITHL AL DL 1949, Deer forage observations in Utah. Jour-
nal of Wildlife Management 13: 314-315.

1930. Feeding deer on browse spo(-ios during
winter. Journal of I{An(ro Management 3: 130-132.

wildlife Management 16: 145-155.
. 1957, Nutritive value of some browse plants in
winter. Journal of Range Management 10: 162-164.
SaiTie AL Do axp Ro Lo 1TuRBARD 1954, Preference rat-
ings for winter deer forage {rom northern Utah ranges

B, T b S O Sl G Journal of

WINTER NUTRIENT CONTENT OF GAMBEL OAK 299

based on browsing time and forage consumed. Journal
ol Range Management S: 262-265.

STEAENS. RooanD JND Dwis 19550 Opportunities for
improving forage production in the Gambel oak tvpes
of Utali. Pages 3711 in K. L. Jolnson, ed., Proceed-
ings of the third Utah shimb ecolog \\mkx]]()]) College
of \dtum] Resources, Utal State Unive rsity, Logan.

TiLLEy, | ML AL AND ROALTERRY 1963, A two-stage tech-
nique fi)l‘ i)z vitro digestion of {orage crops. Journal of
the British Grassland Society 18: 104-111.

TIRMENSTEIN D). 19SS, Quercus gambelii. In: Fischer,
W C.Lcompiler. The fire effects information system
[data base]. USDA, Forest Senvice, Intermountain
Research Station, Intermountain Fire Sciences Labo-
ratory. Missoula, Montana, magnetic tape reels; 1600
bpi, ASCII with Common LISP present.

URNEss. P )., D, NEFF. AND ROKWATKINS 1975, Natri-
tive value of mule deer forages on ponderosa pine
summer range in Arizona. USDA Forest Service,
Rocky Mountain Forest and Range Experiment Sta-
tion, FFort Collins, Colorado. Rescarch Note RM-304.
6 pp.

Weren, B, L., E. Do McARTHUR, D Lo Nersox ] C.
PEDERSON. AXD ]. N. Davis 1956, Hobble Creek'—a
superior selection of low-elevation mountain big sage-
brush. USDA, Forest Service, Intermountain Research
Station, Ogden, Utah. Research Paper INT-370. 10 pp.

WeLCIL B Lo f. CoPEDERSON. aND WO P Crary, 1953
Ability of different rumen inocnla to digest range for-
ages. Journal of Wildlife NManagement 47: ST3-577.

WINWARD. A, H. 1955. Perspectives on Gumbel oak man-
agement on national forests of the Intermountain
Region. Pages 33-35 in K. L. Johnson. ed.. Proceed-
ings of the third Utah shrub e cologywor kshop. College
of Natural Resources, Utah State Unive rsity, Logan.

Received 9 March 1992
Aceepted 1S October 1992



